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I.  INTRODUCTION 

The  relationship  between  wind  conditions  In  the  lower  boundary  layer  and 
winds  above  has  always  been  of  Interest  to  aeteorologlsts.  In  general.  In  the 
lower  friction  layer  It  Is  assuoad  that  the  wind  veers  according  to  a  theory 
developed  by  Ekaan.I^l  Nusierous  articles  have  appeared  since  that  tlM,  and 
Lettaui^'^l  has  devoted  two  texts  to  dealing  with  various  problems  of  this 
friction  layer.  It  may  be  superfluous  to  add  merely  another  report. 

The  Ekman  spiral,  although  well  suited  for  many  applications,  has  one 
drawback  which  may  be  a  handicap  In  various  cases.  The  theory  requires  the 
knowledge  of  the  frictional  conditions  of  the  terrain  and  the  top  of  the  fric¬ 
tion  layer  which  can  vary  between  500  to  1500  meters  depending  on  geographic 
latitude  and  friction  parameters. 

tfe  have  taken  a  different  approach  utilizing  a  special  set  of  data 
observed  at  Redstone  Arsenal,  Alabama  between  13  January  and  1  April  1986. 

The  relationship  of  lotr-level  winds  with  winds  above  up  to  nearly  1  kilometer 
have  been  explored  by  analyzing  concurrent  plbal,  anemometer  (Instrumented 
tower),  and  Laser  Doppler  Veloclmeter  (LDV)  wind  measurements.  The  analysis 
Is  divided  Into  two  parts.  The  correlation  analysis  consists  of  linear  corre¬ 
lation  coefficients  of  scalar  wlndspeed  at  selected  heights  near  the  surface 
with  scalar  wlndspeed  at  altitudes  above  for  the  three  different  measurement 
systems.  Correlations  of  the  wind  components  (zonal  and  meridional)  near  the 
surface  with  wind  components  at  altitudea  above  are  Included  in  most  cases. 

The  second  part  of  the  analysis  concerns  the  "power-law**  equation  for 
wlndspeed  variation  In  the  boundary-layer.  In  which  the  wlndspeed  at  a  desired 
height  Is  a  function  of  the  ratio  of  the  reference  height  to  the  desired 
height  raised  to  an  exponent  ("P").  A  comparison  of  the  exponent  in  the 
power-law  equation  for  the  three  measuring  techniques  is  made. 

II.  THE  DATA 

From  64  available  days  for  measurement  between  13  January  and  1  April 
1986,  the  concurrent  LDV  and  tower  data  consisted  of  two  measurement  sc^s  per 
day  on  12  days  and  one  measurement  set  per  day  for  12  days,  for  a  total  of  36. 
All  of  these  measurements  were  taken  during  the  late  morning  or  early  after¬ 
noon.  Plbal  measurements  were  available  to  compare  the  concurrent  LDV  and 
tower  data  except  for  the  first  observation  point  (19m).  There  were  35  coin¬ 
ciding  plbal  and  tower  measurements  as  the  first  plbal  ascent  was  missing. 

The  heights  at  which  wlndspeed  and  direction  were  observed  with  the  plbal 
single-theodolite  system  were  the  surface  (approximately  4m)  to  3000  feet  in 
100  foot  Increments.  For  the  Instrumented  tower  these  heights  were  4,  10,  19, 
34,  61,  and  90m.  The  LDV  data  set  revealed  that  there  was  some  variation  of 
the  observation  heights; .  however,  the  wind  data  were  primarily  recorded  for 
19,  34,  61,  90,  153,  240,  336,  450,  and  480m. 

The  tower  wind  and  plbal  wind  are  fundamentally  different  measurements; 
therefore,  some  differences  between  the  two  measurements  are  to  be  expected. 
The  tower  wind  represents  a  measurement  at  a  fixed  point  (a  Bulerian  system). 
The  plbal  winds  are  mean  winds  centered  at  100-foot  increments.  The  plbal 
winds  are  an  approximate  Lagranglan  system  because  space  and  time  variability 
are  Inherent  In  these  measurements. 
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The  analysis  of  the  tower  data  was  confined  to  the  first  two  nlnutes  of 

available  data,  a  series  of  120  odS-second  values,  nie  LDV  takes  3  to  5 

seconds  between  neasureaents  at  different  levels,  and  30  to  35  seconds  to 
return  to  the  sane  level  to  take  a  new  sieasurenent .  Therefore,  4  LDV  obser¬ 
vations  In  succession  correspond  to  an  approximate  time  period  of  2  minutes. 

The  pibal  data  were  recorded  less  precisely  than  the  tower  or  LDV  data,  In 
which  wlndspeeds  were  reported  In  0.001  m/sec  units,  although  these  data  are 
generally  regarded  as  accurate  to  the  0.1  m/sec.  The  pibal  data  were  rounded 
to  the  nearest  Integer  In  the  data  provided  to  us.  One  should  take  into 
account  that  both  the  tower  and  pibal  observations  Include  smoothing  while  the 
LDV  data  may  be  considered  as  instantaneous  measurements. 

The  pibal  and  anemomieter  data  were  furnished  to  us  by  the  Redstone 
Meteorological  Team  who  are  supported  by  the  Atmospheric  Sciences  Laboratory, 
U.S.  Army  Electronics  Command,  White  Sands,  New  Mexico.  The  source  of  the  LDV 
data  was  a  private  contractor. 

Additional  analyses  have  been  made  with  this  data  set  that  appear  in 
other  reports,  e.g.,  frequency  distributions  of  wlndspeed  and  wind  direction 
for  each  of  the  sieasurement  techniques  at  overlapping  heights,  a  comparison  of 
the  dispersion  of  the  UV  and  tower-measured  winds,  frequency  distributions  of 
wlndspeed  and  wind  direction  differences  betffeen  surface  and  specified 
altitudes,  and  polnt-by-polnt  correlations  of  two  measurement  techniques  at 
the  same  height  (l.e.,  pibal  with  tower  and  LDV  with  tower).  (See  References 
4,  5,  and  6.) 

III.  CORRELATION  ANALYSIS 

Table  I  lists  the  linear  correlation  coefficients  of  the  scalar  wind  at  a 
height  of  4m  with  the  scalar  wind  4t  Indicated  altitudes  (rg),  the  zonal  wind 
component  at  4m  with  the  zonal  wind  cos^onent  ,qt  Indicated  altitudes  (rg),  and 
meridional  wind  co^oqent  at  4m  tflth  t^e  Mrldlonal  wind  component  at  Indi¬ 
cated  altitudes  (r^)  for  both  pl^l  data.  The  correlation  of  the 

scalar  wind  measured, at  4m  with  the  fcalgr  wind  measured  at  34m  Is  .95  for  the 
pibal  and  .88  for  the  tbWer.  ^  expected,  thesq  correlations  decrease  with 
height.  For  exaaq>le,  the  correlation  of  the  pibal  scalar  wind  at  4m  with  the 
pibal  scalar  wind  at  48Clii>  Is  reduced  to  .57. 

Table  2(a)  lists  the  correlations  of  ^he  scalar  winds  at  19m  altitude 
with  scalar  ;^nds  above  for  tPy.apd  tower  data.  The  correlations  for  the 
tower  data  were  nearly  Identical  for  three  conditions  In  table  2A. 

(1)  Using  all  available  observations 

(2)  Only  the  first  observation  from  each  data  bet  for  one  time  period 

(3)  IWo-mlnute  average. 

For  example,  the  correlation  of  the  scalar  wind  at  19n  tower. helRht  with  the 
scalar  wind  at  34m  tower  height  was  found  to  be  .95  for  conditions  (1)  and  (2) 
abovq. .  The  cbrrelatlqns  calculated  for  the  LDV  data  are  slmllAr  to  those  com¬ 
puted  from  the  tPwbr  data  for  cases  (1)  and  (3)  (smoothed  data),  but  are  much 
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lower  when  using  only  the  first  observation  (case  2).  Since  the  LDV  neasure- 
aents  are  sensitive  to  the  short-term  wind  fluctuations,  It  may  be  desirable 
to  Include  an  averaging  process  by  representing  more  stabilized  wind  field 
conditions. 

A  variable  number  of  wind  profiles  comprise  one  LDV  data  set  (36  sets 
total).  Table  2(b)  lists  the  correlations  of  wlndspeed  at  19m  with  wlndspeeds 
at  altitudes  above  using  the  first,  second,  third,  and  fourth  wind  profiles 
available  from  each  LDV  data  set.  A  similar  analysis  of  wlndspeed  correla¬ 
tions  is  provided  In  Table  2(c).  The  correlations  obtained  from  the  LDV  data 
were  dispersed  over  a  wide  range.  In  contrast  to  the  correlations  derived  from 
the  tower  data  which  were  very  stable.  This  result  Indicates  a  need  to  use  an 
averaging  process  for  the  LDV  observations  (Reference  6). 

i 

Table  3  provides  a  comparison  of  the  correlations  obtained  from  the  tower 
data  for  three  different  reference  points,  4m,  10m,  and  19m.  The  correlation 
of  the  scalar  wind  at  4m  with  the  scalar  wind  at  19m  Is  .91,  Improving  to  .98 
when  the  scalar  wind  at  10m  is  substituted  as  the  reference  point  (Case  1). 

The  correlation  of  the  scalar  wind  at  4m  with  the  scalar  wind  at  34m  is  .88, 
but  raising  the  reference  point  to  10m  Improves  the  correlation  to  .94  (Case 
1).  A  similar  pattern  was  found  for  other  heights.  Furthermore,  the  correla- 
I  tlons  are  only  slightly  lower  when  considering  the  first  observation  only 

'  (Case  2). 

Table  4  lists  the  correlations  of  surface  (approximately  4m)  plbal  winds 
with  tower  winds  at  the  indicated  heights.  By  substituting  the  surface  plbal 
wind  for  the  lowest  tower  wind,  the  correlations  drop  slightly.  The  correla- 
I  tlon  of  the  surface  plbal  scalar  wind  with  the  scalar  wind  at  the  61m  tower 

I  observation  Is  .81,  compared  to  .85  when  using  the  lowest  tower  reference. 

Table  5  lists  the  linear  correlation  coefficients  of  the  scalar  wind  at 
altitudes  of  34m,  61m,  and  90m  with  the  scalar  wind  at  Indicated  altitudes 
(rx),  and  the  meridional  wind  component  at  34m,  61m,  and  90m  with  the  merl- 
I  dional  wind  component  at  Indicated  altitude  (rg|)  for  the  plbal.  The  correla- 

I  tlon  of  the  scalar  wind  measured  at  34m  with  the  scalar  wind  measured  at  lS3m 

Is  .95.  However,  the  correlation  of  the  scalar  wind  measured  at  34m  with  the 
scalar  wind  measured  at  240m  decreases  to  .79.  The  correlation  of  the  scalar 
wind  at  61m  with  the  scalar  wind  at  153m  Is  .97,  decreasing  to  .75  when  the 
'■I  scalar  wind  at  61m  Is  correlated  with  the  scalar  wind  at  336m.  Raising  the 

reference  point  from  61m  to  90m  did  not  change  these  correlations 
I  significantly. 

Table  6  lists  the  correlations  of  the  winds  measured  at  34m  and  61m  with 
the  winds  measured  at  61m  and  90m  for  the  tower  data.  It  should  be  noted  that 
these  are  correlations  of  one-minute  average  wlndspeeds.  Considering  the  sca- 
I  lar  wlndspeed  only,  the  correlation  of  the  wind  measured  at  34m  «rlth  the  wind 

I  measured  at  90n  Is  .96.  Similarly,  the  correlation  of  the  wind  measured  at 

61m  with  the  wind  measured  at  90m  Is  .98. 
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In  Table  7,  the  tower  winds  iseasured  at  34m,  61m,  and  90m  were  correlated 
with  the  plbal  winds  above.  The  correlation  of  the  scalar  wind  measured  at 
34m  with  the  scalar  wind  measured  at  lS3m  is  .82.  The  correlations  of  the 
scalar  wind  measured  at  34m  with  the  scalar  winds  measured  at  240m  and  333m 
are  .80  and  .73,  respectively.  Nearly  Identical  results  were  obtained  when 
the  winds  at  61m  and  90m  were  substituted  as  reference  points. 

Table  8  lists  the  correlations  of  the  two-mlnute  average  wlndspeed 
measured  at  34m,  61m,  and  90m  with  the  two-mlnute  average  wlndspeed  measured 
at  the  Indicated  altitudes  above  for  the  LDV  data.  The  correlation  of  the 
scalar  wind  measured  at  34m  with  the  scalar  wind  measured  at  153m  is  .86, 
imp'i'oving  to  .96  when  the  scalar  wind  at  61m  is  substituted  as  the  reference 
point . 

The  correlation  of  the  scalar  wind  observed  at  the  tower  with  the  scalar 
wind  from  the  plbal  at  the  same  altitude  was  .81  at  34m  and  .82  at  61m 
(Reference  6).  The  correlation  between  the  tower  and  plbal  scalar  winds  at 
ISOm  reported  by  Rider  and  Amtandariz  (References  7,  8,  and  9)  for  a  site  In 
Utah  was  .86,  «^lch  agrees  well  with  these  results. 

IV.  POWER-LAW  PROFILES 

One  purpose  of  this  study  was  to  evaluate  a  simple  scheme  for  predicting 
the  wlndspeed  profile  up  to  about  400m  given  the  wlndspeed  close  to  the 
ground.  Various  forms  of  the  logarithmic  wlndspeed  profile  have  been  utilized 
successfully.  After  evaluating  the  errors  In  computed  winds  using  the  power 
law  and  logarithmic  law,  Demarrais  (Reference  10)  concluded  that  the  logarith¬ 
mic  wind  profile  will  yield  overall  results  comparable  to  the  power  law  only 
if  a  stability  parameter  is  added.  He  did  point  out  that  the  logarithmic  law 
performed  better  than  the  power  law  under  superadiabatlc  conditions.  However, 
his  wind  data  did  not  go  above  125m.  Frost,  et.al.  (Reference  11)  also  con¬ 
ceded  that  the  logarithmic  law  with  stability  parameter  wind  profile  would  no 
longer  be  applicable.  Wlndspeed  profiles  will  deviate  from  logarithmic  above 
100  to  150m  (References  12,  13  and  14).  This  profile  also  requires  estimating 
the  surface  local  friction  velocity  for  each  type  of  terrain.  Therefore,  the 
power-law  wlndspeed  profile  was  selected  for  our  purpose. 

The  power-law  wind  profile  is  a  well-known  formulation  due  to  Frost 
(Reference  15)  for  determining  the  wlndspeed  Uh  at  a  desired  height  Zh: 

Uh  -  MZh  I  Zo)**  (1) 

where  Ug  is  the  wlndspeed  at  the  reference  height  Z^.  This  model  is  primarily 
intended  for  representing  mean  wind  profiles  as  opposed  to  Instantaneous  wind 
conditions.  The  accuracy  of  the  model  is  dictated  by  the  proper  choice  of  the 
exponent  P: 


InUh  -  InUo  (2) 

InZh  -  InZo 
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The  exponent  P  was  calculated  for  each  sloultaneous  plbal  (single 
■easureaent )  and  tower  observation  (one-minute  average  wlndspeed).  These  are 
the  same  observational  data  as  reported  In  Reference  6,  noting  that  there  were 
35  coinciding  plbal  and  tower  observations*  (The  first  plbal  ascent  was 
missing.)  Each  of  these  points  are  plotted  In  Figures  1(a),  1(b),  2(a),  2(b), 
3(a),  and  3(b)  for  the  coinciding  observation  heights  of  34m,  61m,  and  90m, 
respectively.  The  reference  height  (Z^)  for  both  the  plbal  and  tower  data  Is 
4m.  These  scatter  diagrams  Indicate  considerable  fluctuation  of  the 
"P-values",  which  Is  not  unexpected.  These  fluctuations  are  related  to 
changes  In  atmospheric  stability.  The  range  of  the  P-values  for  the  tower 
data  is  -0.37  to  -K).38  at  34m  and  is  -0.10  to  40.34  at  90m.  The  range  of  the 
P-values  for  the  plbal  data  were  found  to  be  0.0  to  40.32  at  100  feet  (34m) 
and  -0.22  to  40.35  at  300  feet  (90m). 

The  mean  and  standard  deviation  of  P  for  the  tower  and  plbal  data  are 
listed  In  Tables  9(a)  and  9(b),  respectlely.  The  mean  P-values  are  displayed 
In  Figure  4.  The  mean  P-values  for  the  two  measurement  techniques  are  very 
similar  at  34m,  but  the  difference  widens  at  61m  and  90m.  This  may  be  par¬ 
tially  attributed  to  the  different  precision  of  the  wind  measurements  In  which 
the  plbal  and  tower  winds  are  reported  with  1  and  4  significant  figures, 
respectively.  Beginning  with  300  feet,  the  P-value  for  the  plbal  data  Is 
nearly  constant  at  approximately  .17.  The  dispersion  of  the  P-values  as  Indi¬ 
cated  by  the  standard  deviation  will  generally  decrease  with  height  as  the 
measurements  become  less  Influenced  by  the  retarding  effects  of  the  surface, 
but  increase  at  higher  altitudes  (e.g.,  2500  feet)  as  the  power  law  becomes 
less  appropriate. 

The  mean  and  standard  deviation  of  the  P-values  derived  from  the  LDV  data 
are  listed  in  Table  10.  Note  that  the  reference  point  Is  19m,  the  lowest 
available  measurement  from  the  LDV  data  set.  Therefore,  these  values  cannot 
be  directly  compared  to  the  P-values  derived  from  the  tower  and  plbal.  The 
Individual  P-values  (using  2-mlnute  average  LDV  wlndspeeds)  are  plotted  In 
Figures  5(a),  5(b),  6(a),  6(b),  7(a),  and  7(b)  for  153m,  240m,  and  336m.  The 
mean  P-values  for  all  available  heights  are  plotted  In  Figure  8.  A  P-value  of 
approximately  .08  was  derived  for  the  153m,  240m,  and  336m  heights.  The 
dispersion  of  the  P-values  at  these  heights  was  less  than  at  heights  both 
above  and  below. 

During  the  day  when  superadlabatic  and  neutral  lapse  rates  are  dominant, 
DeMarrals  (10)  found  average  P-values  to  vary  between  0.1  and  0.3.  DeHarrals 
further  demonstrated  that  the  P-values  were  considerably  larger  during  neutral 
conditions  than  for  superadlabatic  conditions.  This  accounts  for  the  scatter 
of  P-values  In  the  data  obtained  In  this  study.  Brook  and  Splllane  (16)  sur¬ 
veyed  the  power-law  profiles  obtained  by  several  other  researchers  and 
concluded  that  a  mean  P-value  close  to  1/7  Is  applicable  In  open  terrain,  par¬ 
ticularly  with  near  neutral  lapse  rates  and  strong  mean  winds. 

At  night  when  the  atmospheric  stability  Is  varying  between  stable  and 
inversion  conditions,  DeHarrals  found  that  the  values  of  P  varied  from  0.2  to 
0.8.  There  were  no  nighttime  observations  In  our  study  to  compare  with  this 
result. 
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In  retrospect,  the  P-v«lues  Increase  vlth  increasing  instability  (and 
increasing  terrain  roughness).  Table  11  quoted  from  DeMarrais  suamarizes  the 
relationship  of  P-values  to  atnospheric  stability. 

V.  SUMMARY 

Correlation  analysis  of  wlndspeed  in  the  Redstone  Arsenal,  Alabama 
boundary-layer  along  with  the  variation  of  the  exponent  in  the  power-law  wind 
profile  for  concurrent  tower,  LDV,  and  plbal  data  are  presented  for  36  cases 
between  13  January  and  1  April  1986.  Wind  profiles  were  available  up  to  90m, 
4S0m,  and  91Sm  for  the  tower,  LDV,  and  plbal  data,  respectively.  The  linear 
correlations  between  the  wlndspeed  (scalar  wind,  zonal  and  iserldlonal 
components)  near  the  surface  and  wlndspeed  at  altitudes  above  were  computed. 
The  correlation  between  the  scalar  wind  at  4m  with  the  scalar  wind  at  90m  is 
.84  for  the  tower  data  (using  first  available  observation  from  each  set), 
improving  to  .92  when  the  scalar  wind  at  19m  is  in  correlation  with  the  scalar 
wind  at  90m.  The  correlations  derived  from  the  LDV  data  set  also  showed  the 
correlations  improving  as  the  reference  point  is  raised,  but  the  correlations 
were  lower  and  dispersed  over  a  wider  range. 

The  mean  and  standard  deviation  of  the  exponent  (P)  in  the  power-law  wind 
profile  equation  was  calculated  for  each  observation  height.  The  overall 
mean  P-value  for  the  plbal  data  was  .16,  in  close  agreement  with  a  value  of 
1/7  often  quoted  In  the  literature.  There  were  more  Interlevel  differences  in 
the  P-value  for  both  the  tower  and  LDV  data  sets.  The  overall  mean  P-value 
for  the  tower  and  LDV  data  were  .11  and  .07,  respectively. 
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TABLE  1.  Correlations  of  Wind  at  4m  With  Winds  Above  for  Plbal  and 
Tower  Data  (rg:  Scalar  Wlndspeed,  r^:  Zonal  Components, 
rg,:  Meridional  Components) 


Jam. 


Height(m) 


^8 

rz 

*’m 

•'s 

^Z 

*’m 

34 

.95 

.97 

.96 

.88 

.91 

.86 

61 

.86 

.94 

.92 

.88 

.90 

.85 

90 

.84 

.91 

.89 

.86 

.88 

.83 

153 

.87 

.93 

.90 

240 

.84 

.88 

.90 

336 

.75 

.80 

.87 

450 

.61 

.76 

.82 

480 


.57  .73  .80 


i 


i 

TABLE  2(a).  Correlations  of  Scalar  Winds  at  19  Meters  with  Winds  Above 
for  LDV  and  Tower  Data 


I 

I 


! 

i 

i 


Case  1:  All  Available  Obsarvatlans  (2-l1lwila  Peried  far  the  Tower) 
Case  2:  First  Obearvalloa  Only  (56  Obeervetlane  Total) 

Casa  3:  Approximate  2-l1inuta  Averepe  (36  Obeervatione  Total) 


1 

2 

3 

LDV  TOWEB 

LDV 

TOWEB 

LDV  TOWEB 

HtlghlOn) 

34 

.92 

.95 

.49 

.95 

.89  .99 

61 

.69 

.93 

.49 

.94 

.89  .99 

90 

.66 

.91 

.67 

.92 

.91  .97 

153 

.65 

.53 

.91 

240 

.79 

.39 

.87 

336 

.75 

.53 

.62 

450 

.70 

.30 

.51 

480 

.73 

-.11 

.59 
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TABLE  2(a).  Correlations  of  Scalar  Winds  at  19  Meters  with  Winds  Above 
for  LDV  and  Tower  Data  (Concluded) 


Cose  1:  All  Avolloble  Observations  (2-ntnute  Period  for  the  Tower) 
Cese  2:  First  Observotlon  Only  (36  Observations  Totel) 

Cese  3:  Approximete  2'h1nute  Average  (36  Observations  Totel) 


1 

2 

3 

LDV  TOWER 

LDV 

TOWER 

LDV  TOWER 

HelghUm) 

34 

.92 

.95 

.49 

.95 

.89  .99 

61 

.89 

.93 

.49 

.94 

.89  .99 

90 

.86 

.91 

.67 

.92 

.91  .97 

153 

.85 

.53 

.91 

240 

.79 

.39 

.87 

336 

.75 

.53 

.82 

450 

.70 

.30 

.51 

480 

.73 

-.11 

.59 
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I 

TABLE  2(b).  Correlations  of  Windspeed  at  19d  with  Wlndspeeds  Above  Using 
the  Ist,  2nd,  3rd,  and  4th  Wind  Profiles  Available  From 
each  LDV  Data  Set  (Scalar  Windspeed  Only) 

I 

rv 


HeighUm) 

1 

2 

3 

4 

34 

.48 

.66 

.85 

.91 

61 

.49 

.66 

.85 

.91 

90 

.67 

.64 

.88 

.90 

153 

.53 

.68 

.91 

.90 

240 

.39 

.86 

.85 

.90 

336 

.53 

.82 

.83 

.88 

450 

.30 

.57 

-.04 

480 

-.11 

.51 

.65 

.70 

i 

i 

i 


TABLE  2(c) •  Correlations  of  tflndspeed  at  19m  With  Wlndspeeds  Above  Using 
the  1st,  2nd,  3rd,  and  4th  Wind  Profiles  Available  From  Each 
Tower  Data  Set  (Scalar  Wlndspeed  Only) 


h 


HelghUm) 

1 

2 

3 

4 

34m 

.95 

.94 

.96 

.96 

61 

.94 

.93 

.93 

.93 

90 

.92 

.92 

.93 

.94 
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TABLE  3.  Correlations  of  Wlndspe'eds  at  4  Meters,  10  Meters,  and  19  Meters 
With  Winds  Above  for  Tower  Data  (rg:  Scalar  Wlndspeed,  tg:  Zonal 
Components,  rQ:  Meridional  Components) 

Case  1:  All  Available  Cttisarvatims  (2>ntnuta  Period) 

Case  2;  First  Observation  Only  (36  Observations  Total) 

I 

4m 


Halght(m)  I0n> 


Ts 

rz 

^m 

19m 

10 

.93 

.93 

.89 

Ts 

^2 

rm 

19 

.91 

.92 

.87 

.98 

.98 

.98 

^s 

>■2 

^m 

34 

.68 

.91 

.66 

.94 

.97 

.96 

.95 

.98 

.97 

61 

.66 

.90 

.65 

.92 

.95 

.95 

.93 

.96 

.95 

90 

.66 

.86 

.63 

.90 

.94 

.93 

.91 

.95 

.94 

4m 

2 

Usigbitoil 

torn 

^8 

^2 

’’m 

19m 

10 

.90 

.95 

.97 

^8 

^2 

rm 

19 

.89 

.95 

.96 

.96 

.99 

.98 

•'s 

^2 

Tm 

34 

.86 

.94 

.94 

.92 

.97 

.96 

.95 

.98 

.96 

61 

.85 

.93 

.91 

J9 

.97 

.93 

.97 

.94 

90 

.84 

.91 

.91 

.91 

.95 

.94 

.92 

.95 

.95 
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TABLE  6 


Correlations  of  34m  and  61m  Winds  With  Winds  Above  for  Tower 
Data  (rg:  Scalar  Wlndspeed,  rg:  Zonal  Components,  rQ: 
Meridional  Components) 


34nn 


61m 


HaigtiUm) 


HrtgtiUm)  Tg 


TABLE  7.  Correlations  of  34m,  61m,  and  90m  Tower  Winds  With  Plbal  Winds 
Above  (rgt  Scalar  Wlndspeed,  Vj,:  Zonal  Components,  tjn'. 
Meridional  Components) 


tWghUm) 

^8 

^2 

■'m 

6lm 

.79 

.91 

.80 

90 

.79 

.91 

.79 

fS3 

.82 

.90 

.77 

240 

.80 

.84 

.76 

336 

.73 

.74 

.72 

61m 

HgJoftKm) 

^2 

90m 

.80 

.93 

.86 

153 

.83 

.92 

.88 

240 

.81 

.87 

.87 

336, 

.74 

.79 

.85 

90m 

MgbUml 

^8 

••z 

''m 

1S3m 

.83 

.89 

.77 

240 

.84 

.84 

.77 

336 

.76 

.?8 

.73 

18 


TABLE  8 


Correlations  of  34,  61,  and  90m  Winds  With  Winds  Above  for  LDV 
Data  (rg.*  Scalar  Wlndspeed,  rg:  Zonal  Components,  rQ: 
Meridional  Components) 


msiosM 

^8 

••m 

6lm 

.91 

.88 

.82 

90 

.94 

.90 

.79 

153 

.86 

.92 

.82 

240 

.78 

.88 

.80 

336 

.77 

.85 

.69 

61m 

HaiahitirU 

^8 

•m 

90m 

.84 

.88 

.84 

153 

.96 

.93 

.88 

240 

.88 

.87 

.85 

336 

.81 

.86 

.74 

90m 

ijfiighUmi 

••s 

^z 

^m 

153 

.91 

.95 

.82 

240 

.85 

.89 

.85 

336 

.82 

.87 

.75 
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TABLE  9(a).  Mean  and  Standard  Deviation  of  the  Exponent  (P)  in  the  Power-Law 
Wind  Profile  Derived  from  the  Anemometer  (Tower)  Data.  (The 
Reference  Point  is  4  Meters) 


PopulQtlon 

Height  (Meters) _ been _ Stendanl  Devietion 


10m 

19 

34 

61 

90 


.173 

.111 

.113 

.060 

.080 


.149 

.117 

.117 

.075 

.079 
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TABLE  9(b).  Mean  and  Standard  Deviation  of  the  Exponent  (P)  in  the 
Power-Law  Wind  Profile  Derived  from  the  Plbal  Data. 
(The  Reference  Point  la  4  Meters) 


tooo 

1100 

1200 

1300 

1400 

1500 


Mean 


Population 
Standard  Deviation 


TABLE  11.  Values  of  P  Determined  at  Various  Locations  (From  DeMarrais,  1959) 
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(observations  1-18) 


i  exponent  P  In  Equation  (1)  from  the  plbal  and  tower  data  at 
(observations  19~35). 


le  exponent  P  In  Kquatlon  (1)  froa  the  plbal  and  tower  data  at  61 
(observations  1-18K 


Tower 
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observations  19-35). 


(observations 


pf  the  exponent  P  In  Eouatton  (l)  for  the  35  simultaneous  plbal  and  tower 
observations  at  the  Indicated  altitudes  (feet). 


The  exponent  P  In  Equation  (1)  from  the  LDV  data  at  153  m  (observations  1-18). 
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Figure  6. a.  The  exponent  P  In  Equation  (1)  from  the  LDV  data  at  240  m  (observations  1-18). 


(observat 


35 


Figure  7. a.  The  exponent  P  In  Equation  (1)  froa  the  LDV  data  at  336  m  (observations  1-18) 


the  LDV  data  at  336  m  (observations  19-36 


value  of  the  exponent  P  in  Equation  (1)  for  the  LDV  wlndspeed  observations 
t  the  Indicated  altitudes  (meters). 
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